Study Design: Retrospective study. Purpose: To note the magnetic resonance imaging (MRI) differences between pathologically proven cases of atypical spinal tuberculosis and spinal metastasis in 40 cases. Overview of Literature: Spinal tuberculosis, or Pott's spine, constitutes less than 1% of all cases of tuberculosis and can be associated with a neurologic deficit. Breast, prostate and lung cancer are responsible for more than 80% of metastatic bone disease cases, and spine is the most common site of bone metastasis. Thus, early diagnosis and prompt management of these pathologies are essential in preventing various complications. Methods: We retrospectively reviewed 40 cases of atypical tuberculosis and metastasis affecting the spine from the year 2012 to 2014, with 20 cases each that were proven by histopathological examination. MR imaging was performed on 1.5 T MR-Scanner (Magnetom Avanto, Siemens) utilizing standard surface coils of spine with contrast injection. Chi-square test was used for determining the statistical significance and p-values were calculated. Results: The most common site of involvement was the thoracic spine, seen in 85% cases of metastasis and 65% cases of Pott's spine (p=0.144). The mean age of patients with tubercular spine was found to be 40 years and that of metastatic spine was 56 years. The following MR imaging findings showed statistical significance (p<0.05): combined vertebral body and posterior elements involvement, skip lesions, solitary lesion, intra-spinal lesions, concentric collapse, abscess formation and syrinx formation. Conclusions: Tuberculosis should be considered in the differential diagnosis of various spinal lesions including metastasis, fungal spondylodiskitis, sarcoidosis and lymphoma, particularly in endemic countries. Spinal tuberculosis is considered one of the great mimickers of disease as it could present in a variety of typical and atypical patterns, so proper imaging must be performed in order to facilitate appropriate treatment. 
Introduction
Spinal tuberculosis, also known as Pott's disease of the spine, is one of the frequently encountered extra-pulmonary forms of the disease particularly in developing nations. For developed nations, the disease is usually associated with the migrants from the endemic countries. Despite its common occurrence and the high frequency of long-term morbidity, spinal tuberculosis is sometimes difficult to diagnose. In many cases, the clinical distinctions between Pott's disease and tumour metastasis are not typical, such as in central Pott's disease, which shows vertebral involvement without associated discal changes and neural arch tuberculosis. Biopsy is the ultimate tool for the final diagnosis; however, various patterns of involvement of the spine help in identification of the pathologies.
The purpose of this study was to determine the accuracy of magnetic resonance imaging (MRI) in differentiating the atypical cases of spinal tuberculosis and metastasis.
Materials and Methods
We retrospectively reviewed a total of 40 cases of atypical tuberculosis and metastasis affecting the spine from years 2012 to 2014. The mean age of patients with tubercular spine was less than or equal to 40 years (range, 11-67 years) and that for metastatic spine was less than or equal to 56 years (range, 43-70 years). All patients presented with back pain and weakness involving bilateral lower limbs in both symmetrical and asymmetrical fashion. Few patients were also having bladder and bowel dysfunction. The average duration of presentation of symptoms were around 5-6 months in tubercular spine and for 2-3 months in metastasis. There were 20 cases each of tubercular spine and metastasis, which were proven by histopathological examination. Out of 20 cases of metastasis spine, 7 cases were from lung primary, 6 from breast carcinoma, 1 from glottic carcinoma, 4 from prostate carcinoma and 2 from unknown primary tumours.
MR imaging was performed on a 1.5 T helium cooled superconducting MR scanner (Magnetom Avanto 1.5T, Siemens, Germany) utilizing standard surface coils for the cervical, lumbar and thoracic regions of spine. All the images were obtained using multi-slice spin echo sequences. Sagittal and coronal T1-weighted spin echo MR images with a short repetition time and a short echo time (350-500/11-30), sagittal and axial T2-weighted turbo spinecho image with long repetition time and long echo time (3,000-7,000/120-150) and coronal short tau inversion recovery (STIR) (3,000-5,000/39-55). Other sequences like gradient echo sequence, etc. were obtained as and when required. Optimark (Gadoversetamide) contrast injection was administered at the dose of 0.1 mmol/kg and post contrast fat saturated axial and sagittal T1-weighted images (350-400/11-30) were obtained. Typical MR image acquisition parameters include slice thickness of 3 mm, inter-slice gap of 1 mm and matrix size of 125×308. Before performing MR examination, details of the study were explained to the patient and a written consent was obtained.
Atypical spinal column involvement included atypical vertebral involvement without discal changes, vertebral plana, sclerotic vertebra, intra-spinal granuloma formation (epidural, intradural and intra-medullary) and epidural extra-osseous abscess formation. Vertebral involvement was considered when it showed high signal intensity on T2 and STIR images. When the adjacent vertebral bodies were involved without any involvement of IV disc space involvement, consecutive or skip pattern was considered. When only the single vertebral body was involved, solitary pattern was considered. The vertebral lesions were classified on the basis of anterior or posterior element involvement, both elements of involvement, and pattern of involvement, i.e. solitary or consecutive without intervertebral disc involvement.
Various imaging parameters were considered, which included presence or absence of abscess formation in paraspinal, intraosseous and epidural space, meningeal enhancement and syrinx formation. An abscess was defined as altered signal intensity lesion appearing hyper-intense on T2 and STIR with peripheral rim pattern of enhancement on post contrast scans.
Results
The distinction between spinal tuberculosis and metastasis could be made on MR imaging ( Table 1 ). The most common site of involvement was the thoracic spine, seen in 85% (17/20) of metastasis cases and 65% (13/20) of Pott's spine cases (p=0.144), as shown in Table 2 . The various presentation of lesions included solitary lesion, concentric collapse type, intra-spinal type, leptomeningeal pattern of involvement and the vertebral body changes (anterior, neural arch and combined). These patterns of involvement have been discussed in the subsequent paragraphs.
Vertebral involvement has shown various key features helpful in differentiating the two aforementioned entities. Isolated anterior element (vertebral body) involvement was seen in 55% of metastasis cases and in 65% of Pott's spine cases. This pattern was not significant having a p-value of 0.520. Isolated involvement of posterior elements (lamina, pedicles and spinous process) was more commonly seen in metastasis as compared to tubercular spine (20% in metastasis vs. 5% in Pott's spine), however, this was not statistically significant with a p-value of 0.151. Combined anterior and posterior elements involvement was seen more in the metastatic spine (75% of metastasis vs. 70% of Pott's spine cases) (Figs. 1, 2) . This was, how- Chi-square test. Values are presented as no. of patients (%). 
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ever, not significant at p<0.05. Skip lesions showed statistical significance (p<0.05) seen in more cases of metastasis (65% vs. 20%) (Figs. 2, 3 ). The site of skip lesions showed involvement of thoracic spine in 10 cases for metastasis as compared to tuberculosis for which 6 and 4 cases involved thoracic and thoraco-lumbar spine, respectively. Remaining regions included the cervical, lumbar and sacrum of the spine. Solitary lesions of the spine were a feature seen in metastasis (35%) as compared to Pott's spine (5%), in which only 1 case showed a single lesion without intervertebral disc changes (Figs. 4, 5) .
Intra-spinal tuberculoma formation was seen in 60% of the cases as compared to 20% of metastasis cases, which were mainly from breast carcinoma (p<0.009) (Fig. 6 ). Concentric collapse was seen in 10% of Pott's spine cases versus 60% of metastasis cases (p<0.001) (Figs. 1, 7, 8) .
Of note, contrast enhancement pattern showed no statistical difference between them as only heterogeneous patterns were seen.
Abscess formation appeared hypo-to iso-intense on T1-weighted images and hyper-intense on T2-weighted images and STIR sequence with peripheral pattern of enhancement on contrast study. The abscess formation was seen in paravertebral, prevertebral, intra-osseous and epidural spaces (Figs. 2, 3, 9 ). This feature was solely restricted to the Pott's spine cases, which was statistically significant (p<0.05). The involvement of meninges was seen as a continuous enhancement along the spinal cord on post contrast scan (Figs. 3, 10) . This was seen in 45% of Pott's spine cases and 20% of metastasis cases with p-value around 0.091, which was not significant. Syrinx formation was the other associated finding, observed more in Pott's spine (10% of metastasis vs. 40% of Pott's spine cases), and was probably related to obstruction of the cerebrospinal fluid (CSF) (p<0.05) (Fig. 10) . 
Findings like lung consolidation, pleural empyema, sacroilitis and communicating hydrocephalus were associated with tubercular spine only (Fig. 10) . No association of these findings were noted for metastasis cases.
The following MR imaging findings showed statistical significance (p<0.05): skip lesions, solitary lesion, intraspinal lesions, concentric collapse, abscess formation (para spinal, intraosseous and epidural), syrinx formation and site of distant focus other than the spine. Along with notable involvement of the site of skip lesions, these features help in differentiating these two entities and they have been summarized in Table 3 .
Discussion
According to the World Health Organization, tuberculosis accounts for most deaths in the world [1] . About one-third of the world population is infected with tuberculosis, which is quite high for a given disease. The exact incidence and prevalence of spinal tuberculosis in most parts of the world are not known. Approximately 10% of patients with extra-pulmonary tuberculosis have skeletal involvement, and the developing countries account for majority of spinal tuberculosis cases. The spine constitutes the most common site of involvement of skeletal tuberculosis, accounting for almost 50% of skeletal tuberculosis cases, followed by the hip and knee [1] .
These numbers gives an incidence of between 1% and 2% for osteo-articular tuberculosis and 0.5%-1% for spinal tuberculosis [2] . Tuberculosis presents with multitude of clinical manifestations and alterations, thereby known as a great masquerader of diseases in different medical fields. This makes the characteristic features of the disease problematic, with most reports and articles describing the typical clinical and radiological picture, but followed by many atypical derivatives. As Pott's disease, also known A B C as the tuberculous spondylitis, frequently involves multiple contiguous spinal vertebrae, non-contiguous or skip pattern involvement with remote involvement have been reported in few cases [1, [3] [4] [5] [6] .
Haematogenous dissemination is the most common mode of M. tuberculosis with entry into the dense vasculature of the vertebral bodies. Spinal tuberculosis occurs secondary to the primary infection site, which is either a pulmonary lesion or an infection of the genitourinary system [7] [8] [9] , and spreading occurs either via the arterial or the venous route. In the sub-chondral region of each vertebra, an arterial arcade is derived from anterior and posterior spinal arteries and forms a rich vascular plexus. This vascular plexus facilitates haematogenous spread of the infection in the para-diskal regions. For paravertebral venous plexus (also known as Batson's plexus) in the vertebra, it is a valve-less system that allows free flow of blood in both directions, depending upon the pressure generated by the intra-abdominal and intra-thoracic cavities following strenuous activities such as coughing. In patients with non-contiguous vertebral tuberculosis, it is mainly the vertebral venous system that spreads the infection to multiple vertebrae. The most common site of tuberculosis is the anterior inferior portion of the vertebral body. After that, it spreads into the central part of the body or disk. Three most common patterns of tuberculosis are para-diskal, anterior and central lesions of which para-diskal is the most common variety. In the central lesion, there is a collapse of the vertebral body with sparing of intervertebral disc, thereby leading to vertebra plana. In younger patients, the disk is primarily involved, because it is more vascularized. For older individuals, the disk is relatively spared, because of its age-related avascularity. Spread of the disease beneath the anterior or posterior longitudinal ligaments involves multiple contiguous vertebrae.
A feature most typically distinguishing spinal tuberculosis from pyogenic osteomyelitis is the relative sparing of the intervertebral discs. This is attributed to because of lack of proteolytic enzymes, which is responsible for the relative sparing of the intervertebral disc [10] . The discs are avascular in nature and that prevents them in becoming a seeding site for primary infection and the destruction of intervertebral disc begins only when the two adjacent vertebral bodies are compromised, leading to loss of its nutritional requirement.
Pott's disease has the tendency to form characteristic paravertebral or para-spinal abscesses. The extent of these collections usually exceeds the area of osseous involvement. Abscess formation can be seen in prevertebral, paravertebral, intra-osseous and epidural space. The wall of the abscess is characteristically thick and irregularly enhancing on both computed tomography and MR images.
A spinal lesion in a multiple metastatic form from systemic malignancy is the major entity from which multiple spinal tuberculosis must be distinguished. Spinal metastasis characteristically spares the intervertebral disc space, as does the anterior and central type of tuberculosis. When the spinal tuberculosis shows non-contiguous pattern of vertebral involvement, its imaging appearance can be mistaken for a metastatic malignancy. There are various factors that help in differentiating spinal tuberculosis from metastasis and these include the presence of paravertebral abscesses and a sub-ligamentous spread [11] . Lytic metastases were seen in metastasis from lung, breast and glottic primary tumours. Blastic metastases were mainly seen from breast and prostate cancers. 
Epidemiology
Approximately 90% of all spinal neoplasms (cord+ vertebral) are considered metastatic in origin. The presentation can be highly variable which includes sudden onset of the Brown-Sequard syndrome in patients with known metastatic cancer.
Pathology
Spread of malignant cells to the region is variable and includes: (1) Haematogenic: arterial or venous (via Batson's plexus). (2) Direct invasion: typically of para-spinal, retroperitoneal of pulmonary malignancies (3) Lymphatic: along the root sleeves. (4) Subarachnoid: intracanalicular seeding of primary and secondary central nervous system neoplasms.
As the vast majority of metastases to the region are to bone, this is reflected in the primaries which are encountered. It should be noted that breast and lung cancer and also melanoma are also the relatively common sources of intradural disease. Primaries include (% of the total): breast (22%), lung (15%), prostate (10%), lymphoma (10%), etc.
Leptomeningeal metastases, also know as carcinomatous meningitis, refer to the spread of malignant cells through the CSF space. These cells can originate both from primary CNS tumours (e.g., drop-metastases), as well as from distant tumours that have metastasized (haematogenous spread). Clinical presentation is varied, but most commonly includes a headache, spine or radicular limb pain or sensory abnormalities, nausea and vomiting, and focal neurological deficits. Signs of meningitis are present only in a minority of cases. Various tumours responsible for leptomeningeal metastasis includes glioblastoma, ependymoma etc., as well as from haematogenous dissemination of primary malignancies, which includes breast, lung, prostate cancer and leukaemias etc. On MRI, these lesions show leptomeningeal enhancement scattered over in a 'sugar coated' manner.
Non-contiguous pattern of vertebral involvement in spinal tuberculosis is far more common (16.3%) than that reported in literature [1] . There was a trend towards a higher incidence of neurological involvement in the noncontiguous group compared to the single focus group [1] . This trend may not necessarily reflect a more severe disease, but instead may be a product of heightened probability due to the increased levels involved and/or the "double-crush" neural phenomenon. Non-contiguous (atypical) spinal tuberculosis is not an obvious manifestation of HIV, multi-drug resistant tuberculosis or chronicity as in our patients. It is not considered a "fulminant" type of tuberculosis as demonstrated by Emel et al. [3] . Naim-Ur-Rahman et al. [12] reported various features of atypical osseous tuberculosis lesions of the spine [13] , where firstly and foremost, atypical vertebral lesions readily involve the neural arch, sparing the vertebral body and discs (also known as "posterior Pott's spine"). Secondly, the skip lesions are often present, which are defined as the involvement of two or more vertebral lesions separated by an uninvolved vertebra. Finally, these lesions may manifest in the form of solid tumours with no evidence of any abscess formation and therefore, are almost indistinguishable from a tumour.
In our study, the findings like lung consolidation, pleural empyema, sacroilitis and communicating hydrocephalus were noted in patients with tuberculosis. No association of these findings were noted for metastasis.
The current study showed various imaging features for differentiating between atypical spinal tuberculosis and spinal metastasis; however, only few showed statistical significance (p<0.05) which included skip lesions, the site for skip lesions, solitary lesion, intra-spinal lesions, concentric collapse, abscess formation (para-spinal, intraosseous and epidural), syrinx formation and site of distant focus other than spine. Abscess formation was a notable feature for distinguishing a metastatic lesion as these rarely associated with a significant soft tissue component. Again the skip lesion and the site (thoracic) showed a predilection for metastasis as there is few literature on a skip pattern for spinal tuberculosis. The leptomeningeal spread showed no statistical significance, but the pattern of enhancement i.e., smooth or nodular helps in differentiating benign from malignant aetiologies. The distant foci of involvement including liver, lung and nodes were seen mostly in cases of metastasis as a result of haematogenous dissemination. Tubercular aetiology less frequently shows this pattern of spread.
Tuberculosis should be considered in the differential diagnosis of various spinal lesions including metastasis, fungal spondylodiskitis, sarcoidosis and lymphoma, particularly in endemic countries. Because spinal tuberculosis is considered as one of the great mimickers of disease as it could present in a variety of typical and atypical patterns, so proper imaging must be done in order to facilitate appropriate treatment.
Conclusions
The differential diagnosis of tubercular spondylidiscitis includes metastasis, fungal spondylodiskitis, sarcoidosis and lymphoma, particularly in certain parts of the world. The spinal tuberculosis-Pott's spine-is the major cause of morbidity and mortality, particularly in developing nations like India, and therefore, clinic-radiological correlation is a necessity. Spinal tuberculosis can present in a variety of typical and atypical patterns, and is one of the great mimickers of disease. As such, a thorough imaging protocol and proper history could help in making accurate diagnosis and facilitate good treatment.
In endemic countries like India, for tuberculosis, always consider the possibility of tubercular infection, if there is a destructive soft tissue vertebral mass in known cases of malignancy. Imaging features help in guiding the proper differentiation between atypical spinal tuberculosis and metastasis.
